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(54) Nebuliser 

(57) The present invention relates to a nebuliser 
comprising an electrically energisable ultrasonic trans- 
ducer having an oscillation frequency dependent cur- 
rent and voltage characteristic exhibiting the occurrence 
of a minimum magnitude of current through the trans- 
ducer at an anti-resonance frequency of the transducer, 
the voltage across the transducer increasing with an in- 
crease in frequency within a range of frequencies includ- 
ing said anti-resonance frequency. The nebuliser further 
comprises a transducer drive system for generating a 
drive signal for energising the transducer, the drive sys- 
tem comprising oscillation frequency control means op- 
erable to maintain the frequency of the drive signal at a 
specific frequency within said range of frequencies by 
reference to the variation of both current through the 
transducer and voltage across the transducer with a 
change of frequency within the said frequency range. 
The transducer is arranged to receive said drive signal 
and to cause physical vibrations in fiuid to be nebulised 
when energised by said drive signal. A transducer hav- 
ing a simple automatic frequency tuning system is there- 
by provided. 



Fig.6. 
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Description 

[0001] The present invention relates to a nebuliser 
and, particularly, but not exclusively, to an ultrasonic 
nebuliser suitable for nebulising/atomizing liquid based 
medication for the purpose of inhalation by a patient. 
[0002] It is well known for liquid nebulisers to employ 
ultrasonic technology to provide a required degree of liq- 
uid atomization. Conventional ultrasonic nebulisers in- 
corporate a piezo-oscillator element (i.e. a piezo-elec- 
tric crystal) which is exposed to a liquid to be atomized 
and selectively excited by means of an electric oscillat- 
ing circuit. Upon excitation, the piezo-oscillator element 
acts as a transducer and generates ultrasonic waves in 
said liquid which are directed to the liquid surface. As a 
consequence, the surface of said liquid is atomized into 
a fine mist which may be transported, as necessary, by 
suitable means such as an electric fan or simply by the 
inhalation of a patient. 

[0003] The characteristics of piezo-oscillator ele- 
ments are well known and must be carefully considered 
when designing the oscillating circuit of a nebuliser if 
efficient liquid atomization is to be achieved. Both the 
electrical and mist generating characteristics of a typical 
piezo-oscillator element are schematically shown in Fig- 
ures 1a, 1 b and 1 c of the accompanying drawings. It 
will be seen by reference to Figure 1 a that the effective 
reactance of a piezo-oscillator element is inductive (i.e. 
positive) at frequencies between a series (resonance) 
frequency fr and a parallel (anti-resonance) frequency 
f a of the transducer. At other frequencies, the effective 
reactance of the piezo-oscillator element is capacitive 
(i.e. negative). Also, it will be seen from Figure 1b that 
the effective impedance of a piezo-oscillator element is 
minimised at the resonance frequency f r and maximised 
at the anti-resonance frequency f a . 
[0004] The oscillation amplitude of a piezo-oscillator 
element is maximised at the resonance frequency f r , 
however it will be seen from Figure 1 c that this frequency 
f r is somewhat less than the optimum frequency f om for 
maximising liquid atomization. Indeed, the optimum fre- 
quency f om for maximum yield of mist is between the 
resonance frequency f r and the anti-resonance frequen- 
cy f a - 

[0005] Notwithstanding the fact that the optimum fre- 
quency in terms of mist generation is between the res- 
onance and anti-resonance frequencies, the majority of 
conventional ultrasonic nebulisers incorporate oscillat- 
ing circuitry which uses one of these frequencies as a 
basis for exciting the piezo-oscillating element. Typical- 
ly, the oscillating circuitry is designed to automatically 
tune to one of said frequencies so that variations in, for 
example, ambient conditions, may be conveniently ac- 
commodated. A number of methods are employed for 
achieving this automatic tuning, one of which uses the 
voltage and current phases in respect of a piezo-oscil- 
lating element in conjunction with a phase comparator 
(see, for example, US 3,819,961). However, a problem 



associated with the prior art systems for controlling the 
oscillation frequency of piezo-oscillating elements is 
that such systems are generally relatively complicated. 
[0006] In order for a medication dispensed by a neb- 

5 uliser to be adequately received by a patient, it is impor- 
tant for the atomised liquid particles to have an appro- 
priate size. Release of undesirably large particles is pre- 
vented in many prior art nebulisers by means of a baffle 
system. However, the effectiveness of such systems is 

10 heavily dependent upon fluid flow velocity and the re- 
sultant impinging of particles on one or more baffles 
tends to leave a large proportion of medication which is 
not inhaled. This reduces the overall effectiveness and 
efficiency of prior art nebulisers. 

15 [0007] It is an object of the present invention to pro- 
vide an ultrasonic nebuliser comprising means for auto- 
matically tuning to a required oscillation frequency 
wherein said means is comparatively simple and may 
be readily and inexpensively manufactured. 

20 [0008] It is also an object of the present invention to 
provide a nebuliser incorporating effective and efficient 
means for controlling the size of atomised particles. 
[0009] A first aspect of the present invention provides 
a nebuliser comprising an electrically energizable ultra- 

25 sonic transducer having an oscillation frequency de- 
pendent current and voltage characteristic exhibiting the 
occurrence of a minimum magnitude of current through 
the transducer at an anti-resonance frequency of the 
transducer, the voltage across the transducer increas- 

30 ing with an increase in frequency within a range of fre- 
quencies including said anti-resonance frequency; a 
transducer drive system for generating a drive signal for 
energizing the transducer, the drive system comprising 
oscillation frequency control means operable to main- 

35 tain the frequency of the drive signal at a specific fre- 
quency within said range of frequencies by reference to 
the variation of both current through the transducer and 
voltage across the transducer with a change of frequen- 
cy within the said frequency range, the transducer being 

*o arranged to receive said drive signal and to cause phys- 
ical vibrations in the fluid to be nebulised when ener- 
gized by said drive signal. 

[0010] It is preferable for the oscillation frequency 
control means to maintain the frequency of the drive sig- 

^5 nal at a magnitude at which the variation with frequency 
of a function of current through the transducer is zero. 
It is also preferable for the function of current to have a 
zero variation with frequency at a frequency magnitude 
other than the anti-resonance frequency of the trans- 

so ducer. The function of current may have a zero variation 
with frequency at a frequency magnitude at which the 
yield of fluid nebulised by the transducer is substantially 
maximised. 

[0011] The oscillation frequency control means may 
55 comprise a comparator for determining the direction of 
change with frequency of the function of current through 
the transducer. Furthermore, the oscillation frequency 
control means may also comprise a comparator for de- 
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termining the direction of change with frequency of volt- 
age across the transducer. Preferably, outputs from the 
two comparators are applied to an exclusive OR gate 
for determination of the frequency magnitude at which 
the function of current has a zero variation with frequen- 
cy. The function of current may be such that the rela- 
tionship of said function with frequency is identical to 
that of current through the transducer with frequency. 
[0012] A second aspect of the present invention pro- 
vides a nebuliser comprising means for inducing a swirl- 
ing motion in nebulised fluid about a swirl axis as said 
nebulised fluid is extracted from the nebuliser, the an- 
gular velocity of the swirling fluid being sufficient to result 
in undesirably large nebulised particles moving in a di- 
rection offset to the direction of swirl and thereby away 
from the swirl axis. Thus, oversized nebulised/atomised 
particles are effectively thrown from the swirling fluid. 
These oversized particles may be then collected and re- 
turned to a fluid reservoir. 

[0013] The means for inducing a swirling motion in 
nebulised fluid preferably comprises one or more guides 
for deflecting a flow of fluid. The or each guide may be 
a curved guide vane. 

[0014] The nebuliser preferably comprises a first 
chamber, in which fluid is nebulised, and a second 
chamber having an inlet and outlet and in which the 
means for inducing a swirling motion is arranged so as 
to induce a swirling motion in fluid passing through the 
second chamber from said inlet to said outlet; the first 
and second chambers being in fluid communication so 
that, when in use, swirling fluid in the second chamber 
tends to draw nebulised fluid into said second chamber 
from the first chamber. The means by which the first and 
second chambers are in fluid communication preferably 
comprises a passage joining the first and second cham- 
bers wherein said passage is centred on the swirl axis. 
The passage may comprise an aperture in a wall com- 
mon to both the first and second chambers. Means may 
be provided for allowing fluid to flow into the first cham- 
ber as nebulised fluid is drawn into the second chamber. 
[0015] The nebuliser preferably comprises means for 
collecting undesirably large nebulised particles which 
have moved away from the swirl axis. Said collection 
means preferably directs collected particles to the first 
chamber for re-nebulisation. 

[0016] The first chamber preferably comprises a tube 
located above the surface of liquid to be nebulised so 
that the interior of the tube receives the majority of any 
nebulised fluid. One or more slots may be provided in 
the wall of the tube so as to allow nebulised fluid to pass 
from the interior of the tube to the exterior thereof. 
[0017] A third aspect of the present invention provides 
a nebuliser comprises a demand prediction system 
which determines the period of a cyclical demand for 
nebulised fluid by monitoring fluid flow with detection 
means so as to determine the start of consecutive de- 
mand cycles and compensating for lag between the ac- 
tual start of a demand cycle and the detected start of 
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said cycle by calculating the start of a next demand cycle 
as being a length of time from the detected start of a 
current demand cycle where said length of time is equal 
to the determined period less a fixed length of time. 

5 [0018] Said fixed length of time may be equal to or 
greater than the length of time between the actual start 
of a demand cycle and the detected start of said cycle. 
The detection means preferably comprises a thermistor. 
[0019] An embodiment of the present invention will 

10 now be described with reference to the accompanying 
drawings, in which: 

Figures 1a, 1b and 1c respectively show the varia- 
tion with frequency of reactance, impedance and 
15 quality of mist generation of a piezo-oscillator ele- 
ment; 

Figure 2 shows a schematic perspective view of a 
nebuliser according to the present invention; 
Figure 3 shows a schematic partial perspective 

20 view of the nebuliser shown in Figure 2; 

Figure 4 shows graphically the basis for operation 
of a breath prediction system; 
Figure 5 shows the variation with frequency of volt- 
age across a transducer (i.e. a piezo-oscillator ele- 

25 ment) and of current through a transducer; 

Figure 6 is a block diagram showing the structure 
of the electric circuit of the nebuliser shown in Fig- 
ure 2; 

Figure 7 is a diagram of the control circuitry of the 

30 nebuliser shown in Figure 2; 

Figure 8 is a diagram of the power supply circuitry 
of the nebuliser shown in Figure 2; and 
Figure 9 is a block diagram showing the interface 
between the control circuitry of Figure 7 and the 

35 power supply circuitry of Figure 8. 

[0020] A nebuliser 10 according to the present inven- 
tion incorporates a reservoir 12 for retaining a liquid 
based medication 14 to be nebulised (see Figures 2 and 

40 3). This liquid 14 may consist of a solution or suspension 
of solid compounds. As is known in the art, an ultrasonic 
transducer 16 (i.e. a piezo-oscillator element) is mount- 
ed relative to the reservoir 1 2 so as to be exposed to the 
liquid medication 14. The transducer 1 6 is itself connect- 

45 ed to appropriate electrical control circuitry (not shown 
in Figures 2 and 3) for providing excitation energy at a 
required frequency. The control circuitry is powered by 
means of rechargeable batteries. 
[0021] A nebulising chamber 18 is located above the 

50 surface 20 of the liquid medication 14 so as to receive 
liquid which has been atomized. A mouthpiece 22 ex- 
tends into the nebulising chamber 18 so as to allow a 
user of the nebuliser 10 (i.e. a patient) to inhale any at- 
omized medication produced following excitation of the 

55 transducer 16. The lower end of the mouthpiece 22 is 
located adjacent the transducer 16 so as to receive all 
(or a substantial proportion) of the atomized medication 
generated during excitation. Atomized mediation is gen- 
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erally ejected from the surface of the liquid 14 as a foun- 
tain of small particles. In order to prevent these particles 
from being undesirably ejected from the nebuliser 10 
through the mouthpiece 22, a barrier member 21 is lo- 
cated in the mouthpiece 22. The barrier member 21 is 5 
in the form of a concave dome and completely blocks 
the passage of fluid through the mouthpiece 22. In use, 
atomized medication to be inhaled by a patient bypass- 
es the barrier member 21 by flowing from a location in 
the mouthpiece 22 below said member 21 into the neb- 10 
ulising chamber 1 8 via one of four elongate slots 23. The 
slots 23 are equi-spaced about the circumference of the 
mouthpiece 22. The atomized medication then flows 
through one of two apertures 25 to a location in the 
mouthpiece 22 above the barrier member 21. The two 15 
apertures 25 are located on opposite sides of the mouth- 
piece 22. 

[0022] An inlet port 24 (provided as necessary with an 
appropriate one way valve) ensures that fluid pressure 
within the nebuliser 1 0 is equalised with the atmospheric 20 
pressure external to the nebuliser 10 as atomized med- 
ication is inhaled. 

[0023] The nebuliser 10 further incorporates breath 
actuation means (not shown in Figures 2 and 3) in the 
form of electric circuitry which ensures that atomized 25 
medication is generated only as and when it is required 
by the user. In this way, the components of the nebuliser 
10 are not used unnecessarily and, accordingly, the ef- 
ficiency of the atomization process is improved and the 
service life of the nebuliser 10 is extended. The breath 30 
actuation means of the present embodiment incorpo- 
rates a heated thermistor exposed to the flow path of 
atomized liquid drawn from the nebulising chamber 18. 
As a fluid flow is initiated upon the inhalation of a patient, 
the heated thermistor is cooled. This produces a change 35 
in thermistor resistance. Excitation of the transducer 16 
may be thereby triggered. 

[0024] Due to the thermal lag of a thermistor, there is 
a small delay between the start of inhalation and the de- 
tection of a breath. Also, once a transducer is excited, *o 
there is a small delay before atomised medication is 
generated. Accordingly, it is preferable for the breath ac- 
tuation means of the nebuliser 10 to be turned on for a 
fixed pre-determined period before actual detection of 
a breath. With reference to Figure 4, it will be seen that 45 
this is achieved by measuring the period X of a user's 
previous breathing cycle and using this measured time, 
less the fixed pre-determined delay time Y, to turn on 
the nebuliser after a calculated period Z (wherein Z = X 
- Y) from the detected start of the present breath. This 50 
is repeated continually for each breath and, for a series 
of breaths having the same period, results in the neb- 
uliser being turned on at the same as the user begins to 
inhale. It will however be appreciated that the first two 
breaths of the user allow a calculation of the breath pe- 55 
riod X and, accordingly, anticipation of the user's inha- 
lations is only made for the user's third and subsequent 
breaths. The continual monitoring of each breath allows 



adjustments to be made for variations in the user's rate 
of breathing. In other words, the system allows for var- 
iations in the breath period X. Also, by increasing the 
pre-determined delay time Y, the system may be config- 
ured to initiate excitation of the transducer slightly be- 
fore the anticipated inhalation of a user so as to pre-fill 
the nebulising chamber 18 with atomised medication. 
This results in a faster treatment time. Furthermore, be- 
cause of the characteristics of a thermistor as a flow sen- 
sor, nebulisation may be terminated before the end of 
inhalation so as to reduce the amount of medication be- 
ing re-breathed into the atmosphere. This demand pre- 
diction system is preferably implemented by means of 
appropriate electronic circuitry. 
[0025] The breath actuation means may be designed 
so that, once initiated, atomization continues until the 
heated thermistor senses a temperature change indicat- 
ing the end of patient inhalation. Alternatively, the breath 
actuation means may be designed so that atomization 
is terminated when the heated thermistor senses a de- 
crease in breathing rate to, for example, 80% of the max- 
imum breathing rate detected during the current breath. 
In yet further designs of breath actuation means, atom- 
ization may be terminated after a fixed pre-determined 
time period or after a period dependent upon the length 
of the previous breath. Termination of atomization may 
also be made dependent upon the period of time taken 
for the thermistor to detect a pre-determined change in 
the peak value measured during the current breath or 
the average value of the previous breaths, wherein said 
pre-determined change is a pre-determined percentage 
of said peak value. Breath actuation means employing 
a heated thermistor to detect fluid flow is disclosed in 
EP0 178 925 A2. 

[0026] The present embodiment also incorporates 
means for detecting when the reservoir 12 has been 
emptied (or is about to be emptied) of the liquid based 
medication 14 and for switching off the nebuliser 10 up- 
on such detection and indicating to the user that the 
source of medication has been exhausted (or is about 
to be exhausted). The means for detecting exhaustion 
of the medication source incorporates control logic 
which compares the current passing through the trans- 
ducer with pre-determined values of current magnitude 
corresponding to a minimum acceptable level of liquid 
medication. As the reservoir 12 is emptied, the trans- 
ducer 16 becomes unloaded and the current passing 
therethrough reduces. Accordingly, the control logic can 
be conveniently designed to switch off the nebuliser 
once the magnitude of the transducer current has 
dropped to the pre-determined level. At this stage, an 
LED (i.e. a Light Emitting Diode) may be activated by 
said control logic so as to provide the required indication 
to the user. Appropriate means for detecting a minimum 
acceptable level of liquid within the reservoir 12 is dis- 
closed in GB 2.219.512A. 

[0027] In order for the medication dispensed by the 
nebuliser 10 to be adequately received by a patient, it 
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is important that the particles of the atomized liquid have 
an appropriate size. Ideally, the diameter of the particles 
should be between 0,5 :m and 5.0 :m. Accordingly, as 
in many prior art nebuliser designs, the present embod- 
iment is provided with a transducer capable of generat- 5 
ing maximum quantities of mist in a frequency range of 
approximately 1 to 2.5 MHz. This frequency range pro- 
duces particles of the desired size. In addition, many pri- 
or art nebulisers limit particle size by means of a baffle 
system. However, the effectiveness of such systems is 
heavily dependent upon fluid flow velocity and the re- 
sultant impinging of particles on one or more baffles 
tends to result in a large proportion of medication (i.e. 
residual medication) not being inhaled by the patient. 
[0028] In order to overcome this problem, the present 
nebuliser 10 incorporates two vanes 26,27 (although a 
single vane may be sufficient) for generating fluid swirl 
in an upper portion 28 of the mouthpiece 22. The two 
vanes 26,27 are located in an upper chamber 30 situat- 
ed above the nebulising chamber 18. A wall 32 common 
to both the upper chamber 30 and the nebulising cham- 
ber 18 is provided with two apertures 34,36 which, in 
use, permit air to flow into the nebulising chamber 18 
from the upper chamber 30. A central aperture 38 is also 
provided in the wall 32 for permitting a flow of air and 
atomised medication to pass from the nebulising cham- 
ber 18 into the upper chamber 30 via a lower portion 40 
of the mouthpiece 22. A second central aperture 42 is 
defined opposite said first central aperture 38 in an up- 
per wall 44 (not shown in Figure 3) of the nebuliser 10. 
The upper portion 28 of the mouthpiece 22 extends from 
the second central aperture 42 outwardly from the upper 
chamber 30. The mouthpiece 22 does not extend 
through the upper chamber 30. Furthermore, the two 
vanes 26,27 are arranged to generate a swirling flow of 
fluid in the region between the two central apertures 
38,42. 

[0029] The arrangement is such that, in use, inhala- 
tion by a patient through the upper portion 28 of the 
mouthpiece 22 causes air to enter the nebuliser 10 at 
the inlet port 24. By reference to Figure 3, it will be seen 
that the intake of air progresses into the upper chamber 
30 where it is separated into two distinct flows by a first 
vane 26. The vanes 26,27 and a curved side wall 46 of 
the upper chamber 30 are such that the separated air 
flows are directed to the centre of the upper chamber 
30 between the two central apertures 38,42. The air 
flows are so directed that a swirling motion is induced 
therein. Vortices 48 are formed in the region of the cen- 
tral apertures 38,42 which, due to their lower static fluid 
pressure, tend to draw a mixture of air and atomised 
medication from the nebulising chamber 18 into the up- 
per chamber 30 via the lower portion 40 of the mouth- 
piece 22. This fluid flow from the nebulising chamber 1 8 
results in a flow of air into the nebulising chamber 18 
from the upper chamber 30 via the apertures 34,36. The 
vortices 48 and atomised medication drawn into the up- 
per chamber 30 are inhaled by the patient via the upper 



portion 28 of the mouthpiece 22. 
[0030] The spinning fluid flow rotates with sufficient 
velocity for undesirably large particles of atomised med- 
ication to be effectively thrown against the vanes 26,27 
(and/or to the sides of the mouthpiece 22). Said large 
particles of medication are then received in a skirt or 
gutter (not shown) and thereby directed back to the res- 
ervoir 12 under the action of gravity. In this way, the 
amount of residual medication arising through use of the 
nebuliser 10 is minimised. 

[0031] With regard to the control of residual medica- 
tion, the mouthpiece of an alternative embodiment may 
be provided as two concentrically mounted tubes 
wherein atomized medication is inhaled by a patient 
through the inner tube whilst pressure equalisation with- 
in the nebuliser is achieved by virtue of an air flow into 
the nebuliser which passes through a generally annular 
shaped passage formed between said tubes. Thus, 
large particles leaving the nebuliser chamber tends to 
become entrained in the incoming air flow. This further 
obviates the need for an internal baffle system. 
[0032] The control and power supply circuits of the 
present embodiment are shown in Figures 7 and 8 re- 
spectively. The relationship between these two circuits 
is shown in Figure 9. The general structure of the neb- 
uliser circuitry is shown in Figure 6. An automatic tuning 
circuit (see Figure 7) is comprised in the control circuitry 
for automatically tuning transducer oscillation to a spe- 
cific frequency. This tuning circuit operates on the basis 
of the transducer current/voltage and frequency rela- 
tionship shown in Figure 5. With reference to Figure 5, 
it will be seen that the current passing through a trans- 
ducer varies with frequency and falls to a minimum at 
the parallel (i.e. anti-resonance) frequency f a of the 
transducer. In addition, it will be seen that the voltage 
across the transducer at frequencies in the region of the 
parallel frequency f a increases with frequency. This cur- 
rent/voltage and frequency relationship is characteristic 
of ultrasonic transducers and is used in the present neb- 
uliser to provide directional control to the automatic tun- 
ing circuit. 

[0033] The aforementioned transducer characteristic 
may be conveniently used to automatically tune to the 
anti-resonance frequency. The tuning circuit comprises 
two comparators for determining the direction of change 
(i.e. increase or decrease) of either transducer voltage 
or current with frequency. One of the comparators is pre- 
sented with a voltage representing the magnitude of the 
current through the transducer, whilst the other compa- 
rator is presented with a voltage representing the mag- 
nitude of the voltage across the transducer. As will be 
apparent to those skilled in the art, a part of the signal 
applied to each comparator is delayed for comparison 
with the instant signal. It may then be determined wheth- 
er or not the applied signal is momentarily rising or fall- 
ing. It will be seen that the output of the two comparators 
is applied to an exclusive OR gate in order to determine 
whether the transducer frequency is greater than or less 
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than the frequency at which the transducer current is a 
minimum (i.e. the anti-resonance frequency f a ). On the 
basis of this determination, the frequency may be ap- 
propriately adjusted. 

[0034] The exclusive OR gate produces a clock out- 
put of varying pulse widths which is averaged with an 
integrator (see Figure 7) so as to produce a signal for 
driving a voltage controlled oscillator. This oscillator is 
operable at frequencies of approximately 2.5 MHz so as 
to ensure that, as previously discussed, the atomized 
liquid is generated with the desired particle size. 
[0035] Two anti-phase clocks are used to operate an 
output drive circuit (see Figure 7). It will be seen that the 
output drive circuit comprises two field-effect transistors 
(i.e. two FETs) arranged in a totem-pole configuration 
so as to allow the piezo-electric transducer of the neb- 
uliser to be referenced to ground. A level shifting net- 
work comprising a small transformer is provided in the 
output drive circuit for stepping up the circuit voltage to 
between 40V and 100V. This higher voltage is used to 
drive the upper FET. With appropriate signal rectifica- 
tion, the illustrated output drive circuit and automatic 
tuning circuit generate a measured rectified and 
smoothed transducer voltage/current and tune the os- 
cillator to the required anti-resonance frequency. 
[0036] In alternative embodiments, the circuitry of the 
nebuliser may be configured so as to automatically tune 
to a frequency which is offset from the anti-resonance 
frequency f a . This is achieved by manipulating the trans- 
ducer voltage and current magnitudes so as to generate 
a frequency curve having a maximum or minimum oc- 
curring at a frequency other than that at which the min- 
imum current through the transducer is found. This new 
maximum or minimum is then used as a new reference 
for the automatic tuning. For example, the tuning fre- 
quency can be offset by reference to the modulus of re- 
sistance (i.e. V/l) of the transducer. This is found by di- 
viding the measured rectified and smoothed voltage 
across the transducer by the measured rectified and 
smoothed current through the transducer. A curve is 
thereby produced which has a maximum occurring at a 
frequency greater than the frequency at which the min- 
imum current occurs (i.e. the anti-resonance frequency 
f a ). The V/l function is derived in practice by a divider 
circuit. As an alternative to dividing the transducer volt- 
age by the transducer current, these voltage and current 
variables may be either added (V+l), subtracted (V-l) or 
multiplied (Vxl) so as to generate an offsetting of fre- 
quency from the anti-resonance frequency. 
[0037] The present invention is not limited to the spe- 
cific embodiments or methods described above. Alter- 
native arrangements may be apparent to a reader 
skilled in the art. 



Claims 

1. A nebuliser comprising an electrically energizable 



ultrasonic transducer having an oscillation frequen- 
cy dependent current and voltage characteristic ex- 
hibiting the occurrence of a minimum magnitude of 
current through the transducer at an anti-resonance 

5 frequency of the transducer, the voltage across the 
transducer increasing with an increase in frequency 
within a range of frequencies including said anti- 
resonance frequency; a transducer drive system for 
generating a drive signal for energizing the trans- 

10 ducer, the drive system comprising oscillation fre- 
quency control means operable to maintain the fre- 
quency of the drive signal at a specific frequency 
within said range of frequencies by reference to the 
variation of both current through the transducer and 

15 voltage across the transducer with a change of fre- 
quency within the said frequency range, the trans- 
ducer being arranged to receive said drive signal 
and to cause physical vibrations in fluid to be neb- 
ulised when energized by said drive signal. 

20 

2. A nebuliser as claimed in claim 1, wherein the os- 
cillation frequency control means maintains the fre- 
quency of the drive signal at a magnitude at which 
the variation with frequency of a function of current 

25 through the transducer is zero. 

3. A nebuliser as claimed in claim 2, wherein the func- 
tion of current has a zero variation with frequency 
at a frequency magnitude other than the anti-reso- 

30 nance frequency of the tranducer. 

4. A nebuliser as claimed in claim 3, wherein the func- 
tion of current has a zero variation with frequency 
at a frequency magnitude at which the yield of fluid 

35 nebulised by the transducer is substantially maxim- 
ised. 

5. A nebuliser as claimed in any of claims 1 to 4, 
wherein the oscillation frequency control means 

40 comprises a comparator for determining the direc- 
tion of change with frequency of the function of cur- 
rent through the transducer. 

6. A nebuliser as claimed in claim 5, wherein the os- 
45 cillation frequency control means comprises a com- 
parator for determining the direction of change with 
frequency of voltage across the transducer. 

7. A nebuliser as claimed in claim 6, wherein outputs 
50 from the two comparators are applied to an exclu- 
sive OR gate for determination of the frequency 
magnitude at which the function of current has a ze- 
ro variation with frequency. 

55 8. A nebuliser as claimed in any of claims 2 to 7, 
wherein the function of current is such that the re- 
lationship of said function with frequency is identical 
to that of current through the transducer with fre- 
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quency. 

9. A nebuliser comprising means for inducing a swirl- 
ing motion in nebulised fluid about a swirl axis as 
said nebulised fluid is extracted from the nebuliser, 5 
the angular velocity of the swirling fluid being suffi- 
cient to result in undesirably large nebulised parti- 
cles moving in a direction offset to the direction of 
swirl and thereby away from the swirl axis. 

10 

1 0. A nebuliser comprising a demand prediction system 
which determines the period of a cyclical demand 
for nebulised fluid by monitoring fluid flow with de- 
tection means so as to determine the start of con- 
secutive demand cycles and compensating for lag * 5 
between the actual start of a demand cycle and the 
detected start of said cycle by calculating the start 

of a next demand cycle as being a length of time 
from the detected start of a current demand cycle 
where said length of time is equal to the determined 20 
period less a fixed length of time. 
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Fig.la. 
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Fig.7 (Cont i). 
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